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and related approaches using sophisticated detection
of fine ocular motion are in development. More direct
systems based upon the detection of changing cortical
electrical or blood-flow patterns may be predicted to
be helpful in assuring return of some interaction with
the intelligent world for these patients, but all such ap-
proaches will require the alert recognition of patients
whose profound motor impairment causes an appear-
ance of coma in the presence of a functioning but iso-
lated mind. GRANT E. GAUGER, MD
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Laser Applications in Neurosurgery
THRE USE OF LASERS (light amplification by the stimu-
lated emission of radiation) for neurosurgical pro-
cedures has gained increased acceptance over the past
three years. Presently three laser sources are being used
for neurosurgical procedures: the carbon dioxide
(CO2) laser; the argon (Ar) laser; and the neodym-
ium-yttrium-aluminum-garnet (Nd:YAG) laser.
The major advantage of laser sources is gained when

they are used with a micromanipulator (to reduce
physiologic tremor) connected to the operating micro-
scope. This allows increased precision, a very gentle
removal of tissue with the absence of mechanical de-
formation and varying degrees of hemostasis depending
on the specific laser source used.

Lasers are most useful when the following criteria
are present: (1) firm, nonaspiratable tumor consis-
tency; (2) the lesion is in a critical area or in the
motor-speech area of the brain; (3) the lesion is mod-
erately vascular, and (4) the approach is narrow and
instruments partially obscure the operative field.

The CO2 and Ar lasers have been used to greatest
advantage in removing extra-axial tumors such as
acoustic neuroma, meningioma and the like, especially
those in critical areas. Adapted to stereotaxic frames,
they have been used to remove deep-seated intra-axial
lesions. Their use for intra- and extra-axial spinal le-
sions has been similiarly encouraging. The Nd:YAG
laser has recently been used for removing moderately
vascular tumors and vascular malformations. The re-
cent development of an Nd:YAG micromanipulator
will expand its applications to fine microsurgical pro-
cedures.
The Ar and CO2 lasers have been used for neuro-

ablative surgical procedures (such as those for dorsal
root entry zone lesions, myelotomy, trigeminal trac-
totomy) and have decreased surgical morbidity. When
the Ar laser is used to pump (stimulate) a dye laser,
the red light produced has been used to activate a
hematoporphyrin derivative to treat malignant neo-
plasms. The application of this therapy to brain tumors
is under investigation at a few institutions such as the

University of California at San Francisco, the Mayo
Clinic and the University of Southern California.

Low-power, dedicated CO2 lasers have been used to
weld tissues-that is, to do microvascular and micro-
neural anastomoses and tendon repair. Similar accom-
plishments have been achieved using the Ar and Nd:
YAG lasers. Their clinical usefulness is under investi-
gation.

Most recently lasers have been combined with fiber-
optic endoscopes and angiographic catheters for vapor-
izing atherosclerosis in coronary and peripheral arterial
vessels. The application of this new technology to cere-
bral vessels will be investigated in the near future.

In the next year, we will undoubtedly see new wave-
lengths introduced, each with its own specific applica-
tion. Multilaser systems and the linking of lasers to
computers for automated tissue removal, ultrasound
depth-controlled lasers and new forms of delivery sys-
tems are potential advances. All of these innovations
will increase the usefulness of lasers and improve our
microneurosurgical techniques. Although the laser rep-
resents a technologic advance for neurosurgery, one
must always keep in mind the adage "If you don't need
a laser, don't use one. MICHAEL S. B. EDWARDS, MD

JAMES E. BOGGAN, MD
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Spinal Infusion of Morphine for Pain
IT IS NOW FIVE YEARS since the first report appeared
indicating that prolonged analgesia followed intrathecal
morphine installation in cancer patients. This report
was quickly followed by others relating the experience
of analgesia with the epidural use of morphine and me-
peridine. These initial trials were based on earlier re-
search-which has been reviewed-showing the action
of spinal opiates at certain sites within the nervous sys-
tem. The number of articles describing intraspinal nar-
cotic use has rapidly expanded since these initial reports.

Postoperative pain has been treated with promising
results; excellent and long-lasting relief of pain is pro-
vided and there is a concomitant reduction in the need
for additional systemic analgesics. Significant advan-
tages are conferred on a postoperative patient; anal-
gesia is provided with a minimal narcotic effect, less
central sedation occurs and pulmonary function is im-
proved. Multiple side effects are known to occur, how-
ever, the most significant being possible respiratory de-
pression. Monitoring of respiration for at least 24 hours
following intraspinal narcotic administration, on an
acute basis, is thus required.

Chronic pain syndromes have been treated in the
same fashion; analgesia is unaccompanied by significant
changes in motor function, sympathetic outflow or re-
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sponse to nonnoxious stimuli and apparently the risk
of respiratory depression is very low. Patients with
various malignant conditions have benefited from this
technique.

Implantable devices designed to deliver the narcotics
have been used; tolerance to continuous intrathecal in-
fusion of morphine, however, has been noted. The best
candidates for this procedure appear to be those pa-
tients with intractable pain below the diaphragm of
malignant origin. Patients should respond to a test dose
of intrathecally given morphine with at least six hours
of pain relief. An intraspinal morphine preparation has
been approved by the Food and Drug Administration
and implantable reservoirs for continuous infusions of
morphine are available. In the future, selective spinal
antinociception will expand to other spinal receptor
populations as we move to an era characterized by the
delivery of multiple selective spinal agonists and an-
tagonists of the central nervous system.

JOHN A. KUSSKE, MD
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When Should Intracranial Pressure
Monitoring Be Used?
INTRACRANIAL PRESSURE MONITORING remains contro-
versial and is not used consistently by neurosurgeons.
Despite lack of actual proof of improved outcome due
solely to intracranial pressure control, intracranial pres-
sure monitoring nonetheless has strong advocates who
cite anecdotal evidence for the importance of these
techniques in some disease states.

Intracranial hypertension (usually defined as a pres-
sure of 20 or 25 mm of mercury or more) has been
shown repeatedly to correlate adversely with poor out-
come from head injury. Most patients with traumatic
coma and hemorrhagic abnormalities on computed
tomographic (CT) scans have intracranial pressure ele-
vations, which should be monitored and controlled if
possible. In such comatose patients with normal initial
findings on CT scans, intracranial hypertension rarely
develops within 24 hours of injury but delayed CT ab-
normalities can develop and intracranial pressure can
rise after the first day. Thus pressure monitoring should
be considered for patients who remain comatose and
whose CT scan findings become abnormal.

Neurologic dysfunction in Reye's syndrome, once
thought to be almost uniformly fatal, usually is at-
tended by increased intracranial pressure. While some
permanent neurologic damage or even death can still
occur with this toxic hepatoencephalopathy, brain in-
jury probably arises from ischemia due to intracranial

hypertension and often can be avoided by intracranial
pressure monitoring and control.

In recent years monitoring of intracranial pressure
has been used in a variety of neurosurgical patients.
For patients undergoing craniotomy for lesions such as
arteriovenous malformations, aneurysms or brain tu-
mors in which the surgeon feels postoperative brain
swelling may occur, intracranial pressure monitoring
offers an important guide to therapy directed at ensur-
ing optimal cerebral perfusion. Ventriculomegaly from
cerebrospinal fluid outflow obstruction by hemorrhage
or tumor can be treated by ventriculostomy and drain-
age; intracranial pressure monitoring via an intraven-
tricular catheter can determine the amount of drainage
required as well as resolving need for drainage. Perma-
nent cerebrospinal fluid shunting can be avoided by
this technique in some patients.

latrogenic barbiturate coma has been advocated in
some types of brain injury such as trauma or focal
ischemia, though the efficacy of this therapy is not yet
proved. Because most neurologic function is severely
depressed with this treatment, intracranial pressure
monitoring is advocated to ensure that a progressive
intracranial pathologic condition such as brain swell-
ing or hematoma formation is detected and treated so
that adequate cerebral perfusion is maintained.
The treatment of increased intracranial pressure has

been discussed in detail elsewhere. Because there is
some toxicity involved with these therapies, they should
be used as sparingly as possible to maintain normal
intracranial pressure. There is poor correlation with
changes in the intracranial pressure and alterations in
the neurologic state; intracranial pressure elevations
can be detected earliest and best by pressure monitor-
ing. Using current low-risk techniques for monitoring
intracranial pressure, proper therapy in appropriate
amounts can be administered to ensure adequate brain
perfusion. LAWRENCE H. PITTS, MD
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Computed Tomographic Guided
Stereotaxis of the Brain
COMPUTED TOMOGRAPHIC (CT) imaging has enhanced
the accuracy and safety of diagnosis and therapy in
many provinces of medicine. The wedding of principles
of stereotaxic neurosurgery and computed tomographic
imaging has added an immediate new dimension to
neurologic surgery and offers great potential for future
innovation.
As opposed to CT-monitored techniques that com-

monly aid intracranial manipulation in the setting of a
radiology suite, CT-guided stereotaxis allows selection
of intracranial target points in a scanner, with minimal
scan time (15 minutes or less). Target point data are
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